The phase relations for the Ag-Pb-O system saturated with alumina and the activity coefficient of AgO 0:5 in the PbO melt were investigated at 1273 K. A chemical equilibrium technique and an EMF method were applied to the measurement. In this system, there is a miscibility gap between a molten Ag-Pb alloy phase and a Pb-Ag-O oxide phase. The solubility of Ag in the oxide phase and that of Pb in the metal phase were studied as a relation of the partial oxygen pressure. These results suggest that component of silver oxide in liquid PbO phase should be represented as AgO 0:5 . The activity coefficient of AgO 0:5 in the PbO based oxide melt at infinite dilution relative to pure solid AgO 0:5 is 0.602 at 1273 K.
Introduction
Cupellation is a process of the selective oxidation for separating Ag and Pb, where a Pb based oxide melt containing considerable amount of Ag is generated. The production of Ag is an economically important part of the process. For an improvement of the operation, the thermodynamic properties of the Ag-Pb-O system are valuable information.
The system has a miscibility gap between a Ag-Pb melt and a Pb-Ag oxide melt. Various thermodynamic studies of liquid Ag-Pb alloys have been reported on the heat of mixing. [1] [2] [3] Iwase et al. reported the activity of Ag and Pb in the Ag-Pb alloy from 973 to 1273 K. 4) However, few researchers have investigated about the PbO-AgO 0:5 melt, except for Swinbourne et al. 5) who reported the activity coefficient of AgO 0:5 in the PbO based melt under the oxygen partial pressure from 1 to 10 5 Pa. In present study, firstly the phase relations and oxygen partial pressure for the Ag-Pb-O system at 1273 K are investigated by a chemical equilibrium technique and an EMF method, respectively. Secondly, the distribution ratio of Ag between the Ag-Pb alloy and the Ag-Pb-O oxide melt, the activity coefficient of AgO 0:5 in the PbO based melt and that at infinite dilution relative to pure solid are discussed.
Experimental Procedure
A silicon carbide electric resistance furnace connected to a PID controller with a Pt/Pt-13%Rh thermocouple was used for the measurement. The temperature of the hot zone was controlled to within 3 K.
Eight grams of Ag and Pb mixture, and 10 g of PbO were loaded into an aluminum crucible. Reagent grade Ag, Pb and PbO were used to prepare the specimens. At the start of the experiment, the crucible was suspended at the top of a reaction tube. A continuous flow of argon gas at 100 mL/min was used to exclude oxygen from the system. After flushing the reaction tube for half hour, the crucible was slowly lowered into the reaction tube and placed on a support stage located in the hot zone. The time required to achieve equilibrium between the liquid alloy and slag phases was confirmed as 4 h in advance. After holding 4 h at the set temperature, the oxygen potential in the liquid alloy was indirectly determined with the following oxygen-concentration cell:
Pt/Ni,NiO/ZrO 2 {CaO/specimen/Re/Pt where, the connecting point of Re and Pt wire was set within the hot zone of the furnace. The dissolution of Re into the alloy phase was not observed. The crucible was removed from the furnace and quenched in the flushing Ar gas and the content was separated into two phases, namely metal and slag. Special care was taken in preparing the metal for chemical analysis to ensure that the specimen wan not contaminated by slag particles. Compositions of the separated metal and slag were determined by analyzing Ag, Pb and Al with the inductively coupled plasma emission spectrometry (ICP-AES).
The oxygen partial pressure (P O 2 in atmospheres) was calculated from the electromotive force of the cell and the standard free energy of formation of NiO(s) 5) as follows,
where E and T (in degrees Kelvin) are voltage and the absolute temperature, respectively. Table 1 shows results of the present study. There is a miscibility gap between the liquid metal and oxide phases. The relationship between the concentration of Pb in the Ag-Pb phase and Ag in the oxide phase is shown in Fig. 2 .
Results and Discussion

Results of the experiment
That shows liner relationship from À3 to À1 log X Pb and the slope is negative 1/2.
In order to compare with the literature values, the distribution ratio for Ag (L Ag ) is defined as where n T is total mole number of constituents in 100 g of each phase. The logarithmic relationship between oxygen partial pressure and the L Ag are shown in Fig. 3 . The L Ag increases with increasing oxygen partial pressure. The line was obtained by a chemical equilibrium technique in controlled atmosphere. The present result shows good agreement with that of the literature 6) at P O 2 ¼ 10 3 Pa, however that shows lower value in lower oxygen pressure region.
The oxygen partial pressure changes with changing the composition of the Ag-Pb alloy. The solubility of Ag in the PbO based oxide and the composition of the Ag-Pb alloy are shown in Fig. 4 in a function of the oxygen partial pressure. The solid squares and circles indicate the concentration of Pb in the alloy and the solubility of Ag in the slag, respectively. The solubility of Ag increases with increasing oxygen partial pressure. 
Thermodynamic analysis of the distribution ratio of Ag
where Equation 4 is the Gibbs energy for the reaction eq. (3) at 1273 K. Actually, silver oxide decomposes into Ag and O 2 at the experimental temperature, the Gibbs energy change was obtained from the extrapolation of values at lower temperature. The equilibrium constant K is can be rewritten as eq. (6) log
Taking log X AgO 0:5 À log a Ag as the ordinate and log P O 2 as the abscissa, 1/4 will be expressed by the slope of the straight line.
The relationship between the oxygen potential and log X AgO 0:5 À log a Ag is shown in Fig. 5 . Activity of Ag is obtained from the composition of Ag-Pb alloy equilibrated with the slag. The activity of Ag in the Ag-Pb system at 1273 K is reported. 4) The results show a liner relationship. Using the least-squares method for the total experimental range, the line can be expressed as log X AgO 0:5 À log a Ag ¼ 0:265 Á log P O 2 À 0:802 ð7Þ
The slope is 0.265. A slight positive deviation from the line may be found in higher oxygen pressure region from 10 2 to 10 3:3 Pa. The part of the results from 10 À3 to 10 Pa seems liner and the slope is almost 1/4. Because of the equilibrium The solubility of AlO 1:5 in the PbO phase is almost constant within X AgO 0:5 ¼ 0:14{0:16. So the influence of AlO 1:5 on the activity coefficient of AgO 0:5 in PbO would not be ignored. However, the solubility has no tendency to be affected with the experimental condition. Therefore, the effect of AlO 1:5 on the activity coefficient is not found in the present study.
Conclusions
The phase relations for the Ag-Pb-O system saturated with alumina and the activity coefficient of AgO 0:5 in PbO melts were investigated at 1273 K and the following conclusions were obtained.
(1) Distribution ratio of Ag increases remarkably with increasing concentration of Ag in the Ag-Pb alloy over X Ag ¼ 0:9. 
